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SYNOPSIS

	The thesis entitled “organic synthesis involving transition metals catalyzed cross-coupling reactions” has been divided into five chapters. Chapter-I deals with the introduction to transition metals catalyzed cross-coupling reactions. Chapter-II describes the synthesis of unsymmetrical and symmetrical diaryl selenides and is divided into two sections. Section-A describes the copper oxide nanoparticle-catalyzed coupling of diaryl diselenide with aryl halides under ligand-free conditions and Section-B describes the copper oxide catalyzed synthesis of symmetrical diaryl selenides via cascade reactions of aryl halides with selenourea. Chapter-III has been divided into three sections. Section-A deals with the nano indium oxide as a recyclable catalyst for C-S cross-coupling of thiols with aryl halides under ligand free conditions, Section-B summarizes the indium-catalyzed C-S cross-coupling of aryl halides with thiols and Section-C deals with the recyclable nano copper oxide catalyzed stereoselective synthesis of vinyl sulfides under ligand-free conditions. Chapter-IV is divided into two sections. Section-A describes the Cu-catalyzed C-N cross-coupling reaction of trans-4-hydroxy-L-proline with aryl halides and Section-B describes the copper-catalyzed stereoselective synthesis of vinyl selenides under ligand-free conditions. Chapter-V has been divided into two sections. Section-A summarizes the recyclable copper oxide nanoparticles catalyzed alkynylation of imidazoles with bromoalkynes under ligand-free conditions and Section-B deals with the copper oxide nanoparticles catalyzed vinylation of imidazoles with vinyl halides under ligand-free conditions.

CHAPTER-I: INTRODUCTION TO TRANSITION METALS CATALYZED CROSS-COUPLING REACTIONS
	
Carbon-carbon and carbon-heteroatom bonds are found in many compounds that exhibit important biological, pharmaceutical and material properties. Due to the importance of these bonds, there has been a need to develop mild and general methods for their synthesis. Classically, the synthesis of these bonds involved nucleophilic aromatic substitution reactions, which required the use of electron-deficient aryl halides or N2 as the leaving group. In view of these shortcomings, the discovery of transition-metal mediated reactions for the synthesis of carbon-carbon and carbon-heteroatom bonds was an important discovery for synthetic chemists. 

Among these transition metal catalyzed reactions, Ullmann type coupling is one of the most important method for the formation of carbon-hetero atom bonds. The classic Ullmann reactions are generally conducted under harsh reaction conditions such as elevated temperatures as high as 200 0C, use of stoichiometric amounts of copper reagents, and moderate yields. In the past few years, much attention has been paid to improve these types of transformations, and a number of ligands have thereby been developed to expedite the reaction rates and substantially lower the reaction temperatures (mostly to the range 110-140 0C).

The design and development of sequential processes using inexpensive and abundant metals is a valuable goal in organic synthesis. Low cost metals such as copper are particularly desirable catalysts for carbon-carbon and carbon-heteroatom bond forming reactions. 

The number of catalysts applied in industry are very large and catalysts come in many different forms. Catalysts can be divided into two main types-homogeneous and heterogeneous. In a homogeneous reaction, the catalyst is in the same phase as the reactants and in a heterogeneous reaction, the catalyst is in a different phase from the reactants.

Homogeneous catalysts are becoming increasingly important because of the high rates, dramatic substrate selectivities and mild conditions, which can be achieved by these systems. However the homogeneous catalysts suffer from few demerits such as corrosivity, toxicity, hygroscopic nature, decomposition on exposure to air and possession of explosive properties in some cases and non recyclability of the catalysts.
However, there is need to develop heterogeneous catalysts, which are reusable and easily separable from the reaction mixture with almost zero emission of effluents. Thus, the future and welfare of mankind are largely dependent on the progress of science and technology, particularly in the field of heterogeneous catalysis, which is associated with pollution control, conservation of natural resources and energy. From the industrial point of view, heterogeneous catalysts are of interest for a number of reasons as compared to homogeneous catalysts.

The work described hereunder is undertaken utilizing the transition metal catalysts for cross coupling reactions under homogeneous- and heterogeneous catalysis.

CHAPTER-II: SYNTHESIS OF DIARYL-AND VINYL SELENIDES BY USING COPPER OXIDE NANOPARTICLES UNDER LIGAND FREE CONDITIONS

Section-A: Copper oxide nanoparticle-catalyzed coupling of diaryl diselenide with aryl halides under ligand-free conditions 

Diaryl selenides play an importent role in organic chemistry, acting as versatile reagents in organic synthesis and catalysis. The biological and medicinal properties of selenium and organo selenium compounds are also increasingly appreciated, mainly due to their antioxidant, antitumor, antimicrobial, anticancer, and antiviral properties.
	 
  In view of their significance, several useful strategies have been developed for construction of the diaryl selenide moiety. However, Most of these metal-catalyzed reactions involve specially designed ligands or well-defined catalysts/reagents, which may increase the cost and limit the scope of applications.	

In the present investigation, the first time CuO nano particles-catalyzed coupling of aryl halides with diphenyl diselenide to form diaryl selenides under ligand free condions with out adding any metal cocatalysts or ligands has been developed. The catalyst can be easily recovered and reused. The copper based catalysts are also attractive both from economic and industrial points of view as compared to palladium.

These reactions proceed smoothly and the diaryl selenides were obtained in excellent yields without the formation of any by products. This protocol efficiently coupled diphenyl diselenide with electronrich and electron-neutral and electron-deficient aryl iodides.  Sterically demanding ortho substituents did not hamper the arylation reaction and the corresponding diaryl selenides were obtained in good yield. The control experiment confirmed that the reaction did not occur in the absence of catalyst as well as the base. A mechanism for heterogeneous catalysis was also proposed. 

It has been demonstrated for the first time that an operationally simple and efficient nanocrystalline CuO catalyzed coupling of aryl halides with diphenyl diselenide to form diaryl selenides can be carried out under ligand-free conditions in excellent yields. This new coupling reaction underlines the potential of using nanocrystalline CuO as a very userfriendly, inexpensive and efficient catalyst for the coupling of carbon-heteroatom. The catalyst can be easily recovered and reused.  (Org. Lett. 2009, 11, 951)

Section-B: Unexpected C-Se Cross-Coupling reaction: Copper oxide catalyzed synthesis of symmetrical diaryl selenides via cascade reactions of aryl halides with selenourea

In the previous section A, the synthesis of unsymmetrical diaryl selenides under ligand free conditions was described. However, in this protocol an unexpected reaction for the synthesis of symmetrical diaryl selenides underligand free conditions is elaborated. Till now there is no report for the synthesis of symmetrical selenides. 

Selenourea is used as an effective selenium surrogate in C-Se cross-coupling reaction catalyzed by copper oxide nanoparticles under ligand free conditions. This protocol was utilized for the synthesis of a variety of symmetrical diaryl selenides in good to excellent yields from the readily available aryl halides/boronic acids.                                                                                                                                                                                                                 



The control experiment confirmed that the reaction did not occur in the absence of catalyst as well as the base. A plausible mechanism for the CuO nano particle catalyzed C-Se cross-coupling of aryl halides and boronic acids with selenourea was also proposed.

In summary, this is the first report on the reaction of aryl halides with selenourea for the synthesis of symmetrical diaryl selenides catalyzed by CuO nanoparticles under ligand free conditions with out adding any additives. Various aryl halides and boronic acids underwent cross coupling with selenourea to give the corresponding products in excellent yields. The catalyst is inexpensive, air stable, recyclable and functions under ligand-free conditions.  (J. Org. Chem. 2010, 75, 8720) 

CHAPTER-III: SYNTHESIS OF DIARYL- AND VINYL SULFIDES

Section-A: Indium-catalyzed C-S cross-coupling of aryl halides with thiols 
Aryl sulfides and their derivatives are found in many biologically and pharmaceutically active compounds. Aryl sulfide functional group is present in a number of drugs in therapeutic areas such as diabetes, inflammatory, Alzheimer’s, Parkinson’s, cancer, and HIV diseases.
     
Thus, this wide range of applications led to the development of various types of transition metal catalysts for the synthesis of aryl sulfides. However, previous reported protocols are ineffective or giving lower yields when using aliphatic thiols for C-S coupling. Therefore, these metal catalyzed C-S cross-coupling reactions need to be modified to expand the scope of these protocols by using inexpensive catalysts and more universal ligands.


In this study, an efficient indium-catalyzed C-S cross-coupling of aryl halides with various aliphatic and aromatic thiols using N, N, N′, N′-tetramethylethylenediamine (TMEDA) as the ligand has been developed.  This is the first In(OTf)3-catalyzed cross-coupling of aryl halides with thiols to form aryl sulfides. Various aryl halides were reacted with different substituted aromatic- and aliphatic thiols to produce the corresponding diaryl sulfide derivatives in high yields. 
It has been demonstrated for the first time that a novel catalytic system for C-S cross-coupling catalyzed by In(OTf)3/TMEDA. The cross-coupling of aliphatic/ aromatic thiols with aryl iodides/aryl bromides generates the corresponding coupling products in good to excellent yields.	(J. Org. Chem. 2009, 74, 3189)

Section-B: Nano indium oxide as a recyclable catalyst for C-S cross-coupling of thiols with aryl halides under ligand free conditions

In the previous section A, have shown an efficient In(OTf)3 catalyst synthesis of diaryl sulfides.  This success prompted us to examine whether our newly discovered catalyst could be used for the synthesis of aryl sulfides under ligand free conditions.

However, almost all of these methods involve ligands or well-defined catalysts and these protocols have common problems such as metal toxicity, low turnover numbers, excess reagents and nonrecyclability of the catalysts, thus increasing the cost and limiting the scope of the reaction.


In view of these shortcomings a mild and eco-friendly synthetic methodology has been developed for these high value compounds by the cross coupling of aryl halides with thiols catalyzed by recyclable indium oxide nano particles under ligand free conditions. The coupling reaction did not occur in the absence of base and the catalyst. This protocol efficiently coupled various aryl thiols with different substituted aryl halides to produce aryl sulfides in moderate to excellent yields. 

In conclusion, In2O3 nanoparticles has been shown to be an active, stable, inexpensive and nontoxic catalyst for carbon-sulfur bond formation of both aromatic and aliphatic thiols under ligand free conditions in excellent yields. This method precludes the use of ligands and provides in most cases the desired sulfide in high yields. The catalyst can be easily recovered and reused. (Org. Lett. 2009, 11, 1697)
	

Section-C: Recyclable nano copper oxide catalyzed stereoselective synthesis of vinyl sulfides under ligand-free conditions 

Vinyl sulfides play an important role as synthetic intermediates in organic and medicinal chemistry. They are structural components of many natural products exhibiting interesting biological properties. In particular, vinyl sulfides are utilized as equivalents of carbonyl compounds, Michael acceptors etc.

In view of their significance, several useful strategies have been developed for the synthesis of vinyl sulfides over the past decades. Although various methods reported are effective for the synthesis of vinyl sulfides, most of these metal-catalyzed reactions involve expensive and moisture-sensitive catalytic systems and ligands, metal contamination of the final product and non recyclability of the catalyst, thus increasing the cost and limiting the scope of applications.

To overcome these difficulties, a simple and efficient protocol was developed for first time for the cross-coupling of vinyl halides with thiols catalyzed by recyclable CuO nanoparticles under ligand free conditions. In the absence of metal oxide nanoparticles or base the reaction did not proceed to yield any C-S cross-coupling product. By utilizing this novel transformation, the cross-coupling of various substituted aryl and aliphatic thiols was examined with different trans-β-iodostyrenes and the desired products were obtained in moderate to excellent yields.



Thus in this investigation, a mild and efficient method for the stereo selective synthesis of vinyl sulfides in excellent yields was developed by using catalytic amount of CuO nano particles as recyclable catalyst under ligand free conditions. This method precludes the use of external ligands, moisture sensitive catalytic systems and provides, in most cases, the desired vinyl sulfides in high yields. The catalyst can be easily recovered and reused. (Synlett 2009, 17, 2783)

CHAPTER-IV: COPPER CATALYZED SYNTHESIS OF ARYL PYRROLES AND VINYL SELENIDES	

Section-A: Cu-catalyzed C-N cross-coupling reaction of trans-4-hydroxy-L-proline with aryl halides 
Pyrroles are an important class of organic compounds found in many natural products and bioactive molecules. These compounds exhibit remarkable activities such as antitumor, immunosuppressant, anti HIV, anti inflammatory, antioxidant etc. They have also been widely used in material science and molecular recognition studies. 

In view of their significance, several useful strategies have been developed for the construction of the pyrrole moiety. Although various methods reported are effective for the synthesis of pyrroles, these protocols are generally performed at higher temperatures with expensive catalytic systems.

To overcome these difficulties, trans-4-Hydroxy-L-proline is used for the first time as an effective nucleophilic coupling partner mediated by copper iodide with Cs2CO3 as the base and DMSO as the solvent.  Utilizing this protocol, C-N cross coupling of trans-4-Hydroxy-L-proline was carried out with various substituted aryl halides to produce desired aryl pyrroles in moderate to excellent yields. 


  
 In conclusion, trans-4-hydroxy-L-proline was developed as an effective nucleophilic coupling partner in Cu catalyzed C-N Cross-Coupling reaction to produce N-aryl pyrroles in excellent yields. The reaction outcome provides a new strategy for the construction of N-aryl pyrroles from trans-4-hydroxy L-proline. The operational simplicity, inexpensive and ready availability of the metal catalyst should render this protocol attractive both from economic and industrial points of view as compared to the previous methodologies.  (Tetrahedron Lett. In press)
Section-B: Copper-catalyzed stereoselective synthesis of vinyl selenides under ligand-free conditions 

Vinyl selenides have been found to be very useful tools in organic synthesis, since they act as versatile intermediates for the selective construction of isolated or conjugated olefins and carbonyl compounds. Of special interest are, their applications in the preparation of vinylic lithium, copper, and aluminum reagents by transmetalation reactions.

In view of their high significance, various methodologies have been developed for the construction of vinyl selenides. Amongst them, cross coupling of vinyl halides with diphenyl diselenide in the presence of transition metal catalysts is an important one. However, the reported methodologies have limited scope due to the use of transition metal catalysts with the combination of ligands, higher temperatures and non recyclability of the catalyst.

 In view of these shortcomings, a mild, eco-friendly and stereoselective synthetic methodology has been developed for these high value compounds by the cross coupling of vinyl halides with diaryl diselenide catalyzed by the recyclable copper oxide nanoparticles under ligand free conditions.


This protocol efficiently coupled diphenyl diselenide with electronrich, electron-neutral and electron-deficient vinyl halides to produce vinyl selenides in moderate to excellent yields. The control experiment confirmed that the reaction did not occur in the absence of the catalyst as well as the base. A mechanism for this heterogeneous catalysis was also proposed. 

It has been demonstrated that CuO acts as an active, moisture stable, inexpensive, and nontoxic catalyst for the stereoselective synthesis of vinyl selenides under ligand-free conditions in excellent yields. This method precludes the use of external ligands and provides, in most cases, the desired vinyl selenides in high yields. The catalyst was simply recovered and reused without significant loss of catalytic activity. (Chem. Lett. 2010, 39, 212)


CHAPTER-V: COPPER OXIDE NANOPARTICLES CATALYZED SYNTHESIS OF VINYL-AND N-ALKYNYLIMIDAZOLES

Section-A: Recyclable copper oxide nanoparticles catalyzed alkynylation of imidazoles with bromoalkynes under ligand-free conditions

N-alkynylheteroarenes are useful intermediates in organic synthesis and medicinal chemistry. In addition, N-alkylheteroarenes, especially 1,2- dialkynylimidazoles, excited much interest as aza analogues of diradica-generating enediynes for cancer cell specific cytotoxicity. Apart from this, some interesting biological and photoconductive properties have also been reported for this class of compounds.

Although many efforts have been made towards the development of N-alkynylimidazoles, these procedures involve ligands or well-defined catalysts/reagents and also the catalyst cannot be recycled, thus increasing the cost and limiting the scope of applications. Hence, it is desirable to develop an efficient and general access to these highly useful N-alkynylimidazoles under ligand free conditions using recyclable catalytic system.

Utilizing this protocol various bromoalkynes were cross-coupled with different substituted imidazoles to afford the corresponding products in moderate to high yields. The control experiment confirmed that the reaction did not occur in the absence of the catalyst as well as the base. A mechanism was also proposed. 


In conclusion, a mild and efficient protocol has been developed for the synthesis of N-alkynylimidazoles in moderate to high yields using catalytic amount of CuO nano particles as recyclable catalyst under ligand free conditions and the catalyst can be easily recovered and reused. This method precludes the use of external ligands, moisture sensitive catalytic systems. Inexpensive and ready availability of the metal catalyst and it recyclability renders this protocol attractive both from economic and industrial points of view as compared to the previous protocols.


Section-B: Copper oxide nanoparticles catalyzed vinylation of imidazoles with vinyl halides under ligand-free conditions 


	N-Vinylimidazoles are important building blocks in the synthesis of many biologically active molecules and a wide variety of industrially valuable organic compounds. These compounds also exhibit remarkable antifungal and antiparasitic properties. In addition, N-vinyl-imidazoles are widely used in the synthesis of polymeric materials with a variety of properties. 
Thus, these wide ranging of applications led to various approaches for the synthesis of N-Vinylimidazoles. The most commonly employed strategy involves the vinylation of imidazoles with vinyl halides. These procedures are rather limited in scope and selectivity. Most of these metal-catalyzed reactions involve expensive and moisture-sensitive catalytic systems and ligands, longer reaction times, metal contamination of the final product and non recyclability of the catalyst, thus increasing the cost and limiting the scope of the reaction.
To overcome these difficulties, a recyclable copper oxide nanoparticles catalyzed protocol has been developed in the present investigation for the vinylation of imidazoles with vinyl halides under ligand free conditions. Utilizing this protocol various imidazoles were cross-coupled with different substituted vinyl halides to get the corresponding products in excellent yields with the retention configuration. 

	In conclusion, a clean, efficient and straight forward protocol has been developed for the cross-coupling of imidazoles with vinyl halides catalyzed by copper oxide nanoparticles as recyclable catalyst under ligand free conditions. Using this protocol, desired cross-coupling products were obtained in excellent yields with the retention of the double bond geometry. The mild reaction conditions, high selectivity, operational simplicity, and recyclablability of the metal catalyst renders this method most attractive as compared to the previous methodologies. (Tetrahrdron Lett. 2010, 51, 3181)











